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Abstract
Woody colonization of grasslands is often associated with changes in abiotic or biotic conditions or a
combination of both. Widely used as fodder and litter in the past traditional agro-pastoral system, ash
(Fraxinus excelsior L.) has now become a colonizing species of mountain grasslands in the French Pyrenees.
Its present distribution is dependent on past human activities and it is locally controlled by propagule
pressure and abiotic conditions. However, even when all favourable conditions are met, all the potentially
colonizable grasslands are not invaded. We hypothesize that management practices should play a crucial
role in the control of ash colonization. From empirical field surveys we have compared the botanical
composition of a set of grasslands (present and former) differing in management practices and level of ash
colonization. We have displayed a kind of successional gradient positively linked to both ash cover and
height but not to the age of trees. We have tested the relationships between ash presence in grassland and
management types i.e. cutting and/or grazing, management intensity and some grassland communities’
features i.e. total and local specific richness and species heterogeneity. Mixed use (cutting and grazing) is
negatively linked to ash presence in grassland whereas grazing alone positively. Mixed use and high grazing
intensity are directly preventing ash seedlings establishment, when low grazing intensity is allowing ash
seedlings establishment indirectly through herbaceous vegetation neglected by livestock. Our results show
the existence of a limit between grasslands with and without established ashes corresponding to a threshold
in the intensity of use. Under this threshold, when ash is established, the colonization process seems to
become irreversible. Ash possesses the ability of compensatory growth and therefore under a high grazing
intensity develops a subterranean vegetative reproduction. However the question remains at which stage of
seedling development and grazing intensity these strategies could occur.
Introduction
Woody colonization is a rather general trend
experienced by many temperate and tropical
grasslands (Archer et al. 1988; Prach et al. 1996;
Van Auken 2000; Roques et al. 2001; Moleele et al.
2002). This phenomenon has an important impact
on grassland structure (Hooper and Vitousek 1997)
and is a major cause of habitat fragmentation and
species extinction (Lett and Knapp 2003). The
driving factors of woody colonization are largely
debated to be either linked to changes in abiotic
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conditions or in biotic conditions or a combination
of both (Van Auken 2000). Grasslands are subject
to woody colonization associated with variations in
climate (O’Connor 1994), fire regime (Skowno
et al. 1999; Lett and Knapp 2003), and grazing
(Brown and Archer 1989; Brown et al.1998; Briggs
et al. 2002). The invasion or colonization process
of a new site by a native or exotic species is gen-
erally the result of three successive stages: arrival,
establishment and expansion (Williamson 1996).
Arrival stage depends mainly on the quantity of
seeds produced within the surrounding landscape,
on the ability of the seeds to disseminate and on
filtering capacity of the surrounding landscape (i.e.
propagule pressure). Establishment and expansion
stages depend on local factors (environmental and
management) which may influence the perfor-
mances of the invader (Rouget and Richardson
2003). At local scales, the intrinsic characteristics of
the invader, i.e. its biological traits and geographic
origin, play also an important role in the coloni-
zation process (Moyle and Light 1996; Williamson
and Fitter 1996).
Woody colonization in grasslands is a major
issue in European mountainous areas (Prach et al.
1996; Pre´vosto et al. 2003; Pasche et al. 2004),
where it is often linked to changes in land uses
(Garcia-Ruiz et al. 1996; Austrheim et al. 1999;
MacDonald et al. 2000). In Central Pyrenees,
grasslands are colonized by a single native tree
species: the ash (Fraxinus excelsior L.) which was
used, as a multifunctional resource for forage, lit-
ter, firewood and tools, in the ancient agro-pas-
toral systems (Gibon and Balent 2004). It was
therefore planted as hedgerow tree along the riv-
ers, and to separate adjacent hay meadows, or by
small groups around the barns to provide winter
fodder to the animals. As a consequence, the
presence or absence of ash within the different
landscape patches at the Pyrenean scale is largely
determined by these past human activities.
Within the landscape units where ashes have
been planted for pastoral purpose, the propagule
pressure for this species is supposed to be high and
fairly distributed because of both ash spatial dis-
tribution and ability to produce important amount
of wind disseminated seeds (Marigo et al. 2000).
When ash is present, it is found in two kinds of
parcels: ash woodlands in the form of dense pole
stage which are actually former grasslands or
permanent grasslands in the form of encroached
trees. Despite all grasslands parcels with good soil
conditions are a potential target area to ash colo-
nization they are not all invaded. Such contrasts in
colonization patterns may be explained by local
management factors. We hypothesise that the
establishment and the expansion stages of the
colonization process may be inﬂuenced by such
factors through rules of external deletion or
internal assembly rules (Keddy 1992; Lodge 1993;
Belyea and Lancaster 1999). Thus, management
practices may remove directly the invader by the
mean of a high disturbance rate or may indirectly
control invader through the features of the grass-
land community affecting its invasibility.
Our study focuses on the patterns of the cur-
rent ash distribution in present and former
grasslands and on the factors which may explain
such patterns. It is based on the comparative
analyses of a set of parcels at diﬀerent visual
stages of colonization (i.e. from grasslands with
tree established to ash young woodlands). We
intend to reconstitute a chronosequence of ash
colonization, from establishment to expansion
and to detect whether diﬀerences in management
practices may explain diﬀerences in patterns of
ash distribution.
In order to evaluate the importance of indirect
control of ash colonization we investigated po-
tential factors such as size of parcels, and grass-
land community features and their possible
interaction with management practices. We as-
sume that the study of these present patterns will
help to identify the key factors aﬀecting the dif-
ferent stages of the colonization process.
Material and methods
Study site
This study was performed in the peripheral area of
the National Park of the Pyrenees (PNP) in the
municipality of Villelongue (0003¢ Wand 4257¢ N)
where the farm number decreased from 18 to 6
between 1988 and 2002. This decline of the agri-
cultural and pastoral activities was accompanied
by land use changes and parcels abandonment.
This municipality is located in a small valley
of medium altitudinal range (500 –1800 m a.s.l.).
For the period 1983 –2001, the mean annual
temperature was 12.5 C (6 C for January and
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20 C for August) and the mean annual precip-
itations was 77.1 mm (60.9 mm for July and
111.3 mm for April) (data from METEO
France). Slopes are locally steep (up to 50 )
with rocky outcrops and marked slopes along
the two streams delimiting the municipality
boundaries. Geologically, the site is in a large
Palaeozoic anticline structure. The quaternary
formations are present in forms of glacial
deposits and lacustrine alluvium (Barre`re et al.
1980). The description and the physicochemical
analyses on 20 representative parcels of the
studied area indicate that most of the soils are
brunisols (Duchaufour 1983; Baize and Girard
1995) derived from the solifluction of glacial
schist deposits (Barre`re et al. 1980). Surface
horizons present a silty-sandy dominant texture
and slightly acid (pH between 5.4 and 6.4 with a
mean of 6.1). Organic matter is high (between
5% and 17.6% with a mean of 11.7%), the rate
of mineralization also (between 9.5% and 15.5%
with a mean of 11.3%) and biological activity is
important (many earthworms casts and mole-
hills, the root system is well developed). In our
study, we consider soils to be homogeneous.
They don’t constitute an environment filter to
ash colonization process.
Sampling design
Botanical composition of 96 parcels has been
recorded between June and July 2002. Sampling
was stratiﬁed according to a visual evaluation of
the degree of ash colonization in these parcels in
order to build a chronosequence. 90 parcels cor-
respond to permanent grasslands with presence or
absence of ash and 6 parcels of former grasslands
which correspond currently to ash woodlands in
the form of dense pole stage (Photo 1a). Among
the 90 permanent grasslands, 65 are without ash, 6
are with ash seedlings and 19 are with established
ash trees (Photo 1b).
In order to cover a broad range of situations, we
included in our sample a diversity of present
management practices which are mowing and
grazing (named mixed use in the rest of the text),
grazing alone and abandonment (data docu-
mented through a municipality farm survey, pers.
comm., Mottet 2004). The hay-cutting is done
yearly at the same period with slight adjustment to
weather conditions i.e. from the beginning of June
to the middle of July in the parcels located between
500 and 900 m a.s.l. and around mid July in the
parcels located between 1000 and 1200 m a.s.l. All
the parcels are grazed by cattle herds except for
two parcels grazed by both sheep and goats. The
parcel area ranges from 0.1 to 3.5 ha with an
average of 0.75 ha.
Botanical composition and community features
Botanical composition has been recorded using the
point quadrat analysis method (Daget and Poiss-
onet 1971; Stampfli 1991). The method consists in
50 punctual observations along a 20 m long tran-
sect (i.e. one observation every 40 cm). Edge ef-
fects and undesired environmental heterogeneity
(e.g. rock outcropping, dung patches) were care-
fully avoided when localising transect in the parcel.
Under these conditions, the transect line is con-
sidered to be representative of the whole parcel
diversity (Daget and Poissonet 1971). For each of
the 50 points, the presence of a given plant species
is noted when the species foliage contacts a steel
needle stuck vertically in the ground. The steel
needle is 1 m length and 0.5 cm in diameter. For
every point, we identified species by starting with
the species of the upper layer of the canopy and
then the species of the lower layers. We took care,
when recording one point, to keep the vegetation
of the next observation undisturbed.
Species abundance is considered to be the sum of
all the presence recorded along a transect (i.e.
abundance ranges between 0 and 50). Several indi-
ces accounting for the community structure were
calculated for each transect: the total species rich-
ness (TSR), the average species richness by point,
accounting for local richness (LR) and the number
of points needed to capture half speciﬁc richness
(SR50). This last index is an indirect measure of
community heterogeneity (Lauga and Joachim
1987) presenting low values for homogeneous veg-
etation and high values for heterogeneous one.
Nomenclature follows Flora Europaea (Tutin
et al. 1983).
Ash description in parcels
Ash relative abundance has been estimated from
point quadrat analysis in the 96 parcels. Ash
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Photo 1. Parcels with established ashes. (a) Ash woodland (b) Grassland with established trees (c) Ash ‘tree’ with suckers.
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density, age and height have been measured only
on 23/25 parcels where measurable ash trees were
present in 2002 i.e. saplings to mature trees, two
parcels with established ash trees being cleared
before tree measurement. For density measure-
ment all the ashes have been counted within a
rectangular area of 50 m2 (10 5 m). Ash density
is expressed in number of ashes per hectare. Tree
height and age have been estimated respectively
from direct height tree measurement and number
of annual rings in cross section or core sample
from 10 individuals trees representing the ob-
servable diversity of tree heights.
In each of these 23 parcels, a systematic research
of vegetative reproduction on the ashes established
has been made (Photo 1c).
The ash seedlings presence in each of the 96
parcels with botanical transects, has been visually
observed from two walking transects respectively
covering the longest and shortest diagonals of the
parcel (May 2004). This method has been used
because of its better eﬃciency that botanical
transect to detect ash seedling at the parcel level.
Management practices intensity
A major constraint of in situ studies dealing with
grazing activities is to evaluate the stocking rate
which is generally expressed as a function of the
number of grazing animal per surface unit and
time unit. But the amount of herbage really taken
oﬀ by the grazing animals depends upon a lot of
diversiﬁed factors out of reach in the present study
e.g. grazing behaviour, nutritional status of ani-
mals, quality and quantity of extra feedings,
available herbage when entering the parcel, etc.). A
second constraint is to evaluate the parcel pro-
duction especially under continuous grazing situ-
ations. This supposes to put exclosures in each
parcel to measure aerial biomass production out of
grazing which considering the parcel number is a
particularly heavy trial.
To overcome these diﬃculties, biomass pro-
duction and biomass removal in the managed
parcels i.e. the mown and/or grazed grasslands,
have been evaluated indirectly from their botanical
composition using a calibrated reference model
established by Balent (1991) in an other Pyrenean
valley. This model is based on the comparison of
the botanical composition of a set of permanent
grasslands differing in biomass production and
biomass removal (Figure 1). Correspondence
Analysis (CA Model) ordinates the parcels
according to their biomass production (CA F1
axis) and the amount of biomass removal from
both grazing animal and hay-making (CA F2 axis)
along two orthogonal axes. CA model axes have
been calibrated with external data. Biomass pro-
duction has been estimated from N, P and K
concentration in plants which has been proved to
be correlated to dry matter production (Duru
et al. 1994). Biomass removal has been estimated
by pooling the results from direct measurement of
grazing intake on the study territory and from
survey data on hay-meadow yields (Balent 1991).
The intensity of use is approached through the
ratio between biomass removal and biomass pro-
duction as shown on Figure 1. Calibration, vali-
dation and confrontation with theory have
confirmed the overall quality of this empirical
model, established from plant communities in
equilibrium with management (Balent 1991).
Figure 1. Reference model to compare the relationships be-
tween grassland biomass production and grassland biomass
removal from grassland botanical composition (from Balent
1991). For a given level of biomass production (P), there is a
range of possible levels of biomass production. In A a low
percentage of produced biomass is removed leading to biomass
accumulation (under utilisation); in C all the produced biomass
is removed leading to the development of bare soil patches (over
utilisation); B is an intermediate and widely observed situation.
Oblique lines correspond to constant values of the biomass
removal/biomass production ratio.
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Data analyses
The data matrix (96 transects  199 species
abundance) has been analysed with a Correspon-
dence Analysis (CA). We did not enter Fraxinus
excelsior in this analysis to avoid confusion in
transects’ ordination between the invasive species
and the invaded communities. CA is a well-known
indirect gradient analysis method producing a re-
ciprocal ordination of species and sample units
(Hill 1973; Prodon and Lebreton 1981; Thioulouse
and Chessel 1992). This analysis was performed
running ADE4 library (Thioulouse et al. 1997)
under the R environment (Ihaka and Gentleman
1996).
The relationships between ash patterns and
explicative variables (Table 1) have been explored
using different statistical methods. Simple linear
regression has been used to evaluate the correla-
tion between the first axis of the CA and the
abundance of ash on transect and, height, density
and mean age of ashes in the parcel. Chi-square
test has been used to evaluate the importance of
each land-use type in the four groups of ash col-
onization stages and to evaluate the importance of
each land-use type upon ash presence/absence in
the 90 grasslands. T-test has been used to compare
differences in each grassland community charac-
teristic (TSR, LR and SR50) between ash pres-
ence/absence in the 90 grasslands and has been
used to compare differences in each CA model
axes (biomass production and biomass removal)
between ash presence/absence in the 90 grasslands
on the one hand and between ash seedlings pres-
ence/absence in the 90 grasslands in the other
hand. A one way analysis of variance (ANOVA)
has been used to test the relationships between ash
abundance and management practices (mixed use,
grazing alone), to test the relationships between
parcel area and the four groups of main stages of
ash colonization and management practices, and
test the relationships between management prac-
tices and each grassland community characteristic.
All these methods have been run using SYSTAT 9
software (1999).
We performed a passive ordination in the CA
model described previously of the 90 grasslands
from their plant species composition and species
scores on the two ﬁrst axes of the model
using the transition formula of CA (Benze´cri
1973).
Results
General patterns of ash distribution
The ﬁrst axis (F1) of the CA run on the 96 tran-
sects  199 plant species table has an eigenvalue
(kF1=0.57) corresponding to a relatively high
canonical correlation between transects and spe-
cies ordinations (rF1=kF1
)1/2=0.75). This is indi-
cating a strong ecological gradient. Typical species
of managed grasslands (Lolium perenne, Dactylis
glomerata, etc.) are found at the negative pole of
the gradient when understorey species (e.g. Stel-
laria holostea and Hedera helix), and nitrophil-
ous species (e.g. Urtica dioica, Geranium
robertianum) are at the positive pole (Figure 2).
Ordination of grasslands along F1 axis is signifi-
cantly and positively correlated to the increasing
abundance of ashes from transects data, (n=96,
r2=0.73, p<0.001) and to the mean height of ash
trees (n=23, r2=0.47, p<0.001). F1 has no sig-
nificant correlation with mean age of ash trees
(n=23, r2=0.14, NS) and with ashdensity (n=23,
r2=0.048, NS).
Four types of grasslands according to ash main
stages of colonization (see legend of Figure 2) have
been represented on the Figure 2. They differ in
Table 1. Summary of the different patterns of ash distribution
and the different explicative variables described above and used
in the data analyses.
Description of ash patterns
Ash presence/ash absence Measured from 90+6
Ash abundance transects
Ash density
Mean age of ash trees Measured from 23 colonized
Mean height of ash trees parcels
Vegetative reproduction presence
Seedlings presence Measured from 90+6 parcels
Explicative variables
Grassland community features
TSR
LR Measured from 90 transects
SR50
Biomass production Inferred from 90 transects
Biomass removal
Management practices
Mixed use
Grazing Recorded from 90+6 parcels
Abandonment
Parcel area
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their management practices (Table 2). Most of the
grasslands without ash (group I) are both mown
and grazed. Mixed use is also dominant in the
grasslands where ash seedlings were recorded on
botanical transects (group II). Grazing alone is
dominant in the grasslands of the group III and
abandonment is dominant in the former grass-
lands of the group IV. The parcel areas do not
present variations between these four groups
(n=96, F-ratio=0.436, NS) as well as between the
three management practices (n=96, F-ratio=0.97,
NS).
The CA biplot (Figure 2) also shows that the
botanical composition of the herbaceous layer of
young forest stands which is developing on aban-
doned grasslands (6 parcels of type IV) is charac-
terised by understorey species and strongly differs
from typical managed grasslands (groups I –III).
Afterwards, we only consider the colonization
process on the managed grasslands i.e. the 90
transects of the groups I –III.
Presence/absence of ash in grasslands and plant
communities’ characteristics
There is no signiﬁcant relationship between the
presence –absence of ash in the botanical transect
and the total speciﬁc richness (TSR) (n=90,
t=)1.58, NS). On the other hand, high values of
SR50 are linked to the ash presence (n=90,
t=)4.03, p<0.001) i.e. the community hetero-
geneity is positively linked to ash presence. The
mean species richness on each point (LR) is
negatively (n=90, t=2.14, p<0.05) linked with
the presence of ash.
Management types: mixed use versus grazing alone
The abundance of ash is signiﬁcantly higher in
only grazed parcels compared to mixed used par-
cels (n=90, F=23.65, p<0.001). In only grazed
grasslands ash is significantly present compared to
grasslands which are both mown and grazed
(n=90, v2 value=22.93, p<0.001). In mixed used
grasslands ash is significantly absent compared to
grasslands which are only grazed (n=90, v2
value=24.34, p<0.001).
Management practices intensity
The passive ordination of the 90 transects in the
CA Model (Figure 3a) shows that grasslands are
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Figure 2. Ordination of the 96 transects and some representa-
tive plant species along the two first axes of the Correspondence
Analysis performed on the vegetation data table. The four
ellipses (power=0.60) indicate the dispersion of grasslands
according to ash main stages of colonization (I=no ash,
II=only presence of ash seedlings, III=established trees in
grasslands, IV=young forest stands). Crosses () are parcels of
group I, dots (d) are parcels of group II, squares (h) are
parcels of group III and stars (I) are parcels of group IV.
LOLPER = Lolium perenne, AGRCAP=Agrostis capillaris,
DACGLO=Dactylis glomerata, FESRUB=Festuca rubra,
BRAPIN=Brachypodium pinnatum, URTDIO=Urtica dioica,
STEHOL=Stellaria holostea, GERROB=Geranium robertia-
num, RUBSP=Rubus species, GALAPA=Galium aparine
(Species are represented by a triangle (m)).
Table 2. Pearson v2 of the different groups (I –IV) and the
different management practices (Mixed use, grazing alone and
abandonment).
Vegetation
types
Management practices
Mixed use Grazing
alone
Abandonment Total
I 52 13 0 65
II 5 1 0 6
III 1 18 0 19
IV 0 1 5 6
Total 58 33 5 96
Value=117.980, df=6 and p<0.001.
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widely distributed along the two axes indicating an
important diversity in grassland management
conditions in our data set. As expected, mixed
used grasslands appear to be more intensive than
only grazed.
On Figure 3b we can observe that ash seedlings
are present in most of the 90 parcels independently
of the biomass production axis (n=90, t=0.089,
NS) and of the biomass removal axis (n=90,
t=1.476,NS). OnFigure 3c we can observe that for
a given level of biomass production established ash
trees are preferentially found in only grazed grass-
land with a lower level of biomass removal i.e. low
management intensity. The presence of established
ash trees is negatively linked to the biomass removal
axis (n=90, t=5.79, p<0.001) and independent of
the biomass production level inferred from the CA
model (n=90, t=)0.86,NS).Wehave drawn an eye
adjusted threshold of intensity of use which marks
the limit between parcels without and with estab-
lished ashes. In this same figure, we can observe that
the parcels with ash vegetative reproduction are
located just under this threshold.
Relationships between management practices and
community features
Some grassland vegetation characteristics in par-
cels exhibits contrasted patterns of variations
when confronted with the management practices.
The local richness (LR) is signiﬁcantly higher in
mixed use parcels than in only grazed ones (n=90,
F=17.04, p<0.001). Community heterogeneity
(SR50) is significantly higher in only grazed par-
cels compared to mixed used ones (n=90, F=28.5,
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Figure 3. Passive ordination of the 90 grassland parcels in the
Correspondence Analysis Model. (a) Plusses (+) are parcels
mixed used and stars (I) are parcels only grazed (b) Triangles
(n) are parcels without ash seedling and dots (d) are parcels
with ash seedlings (c) Crosses () are parcels without estab-
lished ash (groups I and II of the CA), squares (h) are parcels
with only established ashes (group III) and filled squares (n) are
parcels where the presence of ash vegetative reproduction has
been observed among the ashes established. The area located
above the upper line is the over utilization field and the area
located under the lower line is the under utilization field.
Between the two lines is located the domain of usually observed
intensity of grassland utilization. The doted line represents a
threshold of intensity of use (ratio biomass removal/biomass
production) above which the ash cannot establish.
c
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p<0.001). At the opposite, the total specific rich-
ness (TSR) is not significantly different between
mixed used and only grazed parcels (n=90,
F=0.35, NS).
Discussion
Patterns of ash colonization
It is widely admitted that colonization in grass-
lands is determined by three main factors: dis-
persal constraints, environmental constraints and
community features (Belyea and Lancaster 1999).
Introducing this work, we have hypothesized that
in our study site the ash propagule pressure was
high and spatially evenly distributed. The presence
of ash seedlings in most of the grasslands inde-
pendently of the management type and intensity
confirms this hypothesis. Furthermore, the few
grassland without ash seedlings are all grazed
during spring time before to be mown thereby we
cannot exclude that seedlings have been present on
these grasslands in early spring before the grazing
period. As a matter of fact, the ash colonization is
not limited by the propagule arrival defined by
Williamson (1996) as the first environmental filter
to invasion.
When we examine in detail the CA ﬁrst axis (F1)
we can interpret it as a secondary successional
gradient of ash colonization. However, it cannot
be interpreted as a chronosequence because the
results on the age of the ash stands refute this
hypothesis. So, we can consider it as a ‘physiog-
nomic’ or ‘visual’ secondary succession according
to the height and abundance of ashes established
in the grasslands. The result is that some parcels of
the group III have about the same age but a
smaller height than some parcels of the group IV.
Our results conﬁrm that key factors explaining
the importance of ash establishment and expansion
are likely to be found in the management practices,
i.e. the type of land uses and its intensity because
they are part of environmental constraints, but they
may also influence community features.
Intensive management practices prevent the
establishment of ash seedlings in the grassland
Despite the fact that ash is able to germinate in
mown grassland excepting in those with early
spring grazing, mowing appears to delete totally
every year the ash seedlings. Like mixed use, when
grazing (alone) intensity increases, this factor is
likely to become a constraint, deleting seedlings in
a similar way. The mixed use or a high grazing
intensity (which correspond to a high intensity of
use in the CA model) can be considered as a
mechanical barrier to ash establishment. McPher-
son (1993) has simulated the effects of herbivory
on woody seedling (Quercus emoryi) establish-
ment by experimental clipping. He found that
seedlings did not survive after being clipped more
than twice. Ash seedling establishment was studied
in grazed pastures by Hester et al. (1996) who
showed that recruitment was more important in
the low grazing intensity plots than in the medium
grazing intensity plots. Indeed, our results show
that the limit between grasslands with and without
established ashes correspond to a threshold in the
intensity of use (biomass removal/biomass pro-
duction ratio). This is consistent with the conclu-
sions of Jeltsch et al. (1997) stating that ‘...the
grazing of grasses beyond a certain threshold led
to an almost deterministic increase in shrub cover’.
However, such threshold would only be detected if
grazing pressure and productivity are accurately
measured which is not so easy in natural condi-
tions. In that way, the use of an empirical model
based on calibrated and validated data, is very
helpful to detect this threshold.
Factors allowing the establishment of ash seedlings
in the grassland
Our results show that ash presence in grasslands is
connected to grazing activities. A grazing intensity
lower than the threshold displayed by the CA
model (a more or less extensive grazing), creates
heterogeneities within the grassland community
such as patches of herbage neglected by grazing
animals. These tussocks are suitable for woody
seedlings establishment by protecting young seed-
lings from grazing (MacCarthy and Facelli 1990).
Moreover, we hypothesize that they constitute
suitable habitat conditions for shade tolerant ash
seedlings and juvenile stages (Grime et al. 1988;
Marigo et al. 2000). Therefore, our observations
of seedlings presence in a high layer of vegetation
before the hay cutting or in neglected areas
of grazed grasslands support this hypothesis.
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Garcı´a-Robledo andMurcia (2005) working on the
habitat susceptibility to invasion by Chinese ash
(Fraxinus chinensis) have found that ‘Chinese ash
seedlings were able to grow through a thick mat of
grasses’. The fact that community heterogeneity
(SR50) is positively linked with the presence of
established ash trees is in line with our previous
assumption on the ash seedling establishment.
However this process is probably not a gener-
alized rule because herbaceous biomass may have
contrasted role on the success of woody coloniza-
tion. The work of De Steven (1991) showing that
the herbaceous vegetation facilitates the emergence
of woody species with large seeds (Acer rubrum
and Fraxinus americana) supports our hypothe-
sis. Bellingham and Coomes (2003) also found that
resident tussocks close to Scotch broom (Cytisus
scorparius) seedlings increased their survival.
Other works carried out on legume trees suggested
that herbaceous layer has no effect on the emer-
gence or growth of the invaders (Brown et al.
1998; Brown and Archer 1999). Some authors
have shown that herbaceous vegetation inhibits
woody establishment due to competition between
grasses and woody seedlings for resource access
(Van Auken 2000; Mazia et al. 2001; Castro et al.
2002). In these last studies, intensive grazing acts
favourably on the woody colonization creating
gaps in the herbaceous vegetation where tree
seedlings can emerge and survive (Bokdam and
Gleichman 2000; Briggs et al. 2002). In the studies
showing a positive effect of herbaceous biomass on
woody seedlings survival (De Steven 1991; Bell-
ingham and Coomes 2003), the seedlings are pal-
atable to grazing animals like ash is and are
vulnerable to browsing damage. In the early stage
of their development herbage biomass is probably
acting like a protection against grazing (Kuiters
and Slim 2003; Rousset and Lepart 2003).
Many experimental or theoretical studies sup-
ported the idea that species richness was a tangible
surrogate for community resistance to invasion
(Tilman and Downing 1994; MacCann 2000). The
diversity/invasibility hypothesis (Elton 1958) is a
real discording topic today. A lot of experimental
studies report a negative relationship (Tilman
1997; Knops et al. 1999; Kennedy et al. 2002)
whereas most of studies in situ report a positive
relationship (Planty-Tabacchi 1995; Stohlgren
et al. 1999; Stromberg et al. 2001). On the one
hand, authors wanted to test experimentally only
the diversity effect and on the other hand the au-
thors wanted to test the diversity in a local context.
However, diversity alone cannot explain the
invasibility which is dependent of a set of diversi-
fied factors (Prieur-Richard and Lavorel 2000;
Kolb et al. 2002). Our field data showed a low
relationship between the presence of ash and low
local species richness while no trend was associated
to the species richness measured at the community
level. Similar results were depicted at the neigh-
bourhood level in a microcosm grassland experi-
ment (Dukes 2002) and opposite results were
observed by Stohlgren et al. (2003) who found that
species richness at the neighbourhood level is not a
barrier to the invader. As previously discussed it is
difficult to draw a definitive conclusion on the
specific role of species richness as the local richness
is strongly linked with management practices
(higher in the mown parcels).
Management practices favouring or inhibiting
the ash expansion
After establishment, ash expansion depends upon
the management practices as well specially on
grazing intensity which is controlling the possibil-
ity of ash trees to growth normally in height and
diameter. In case of total cessation of grazing
(abandonment of the parcel) young woodland
stands is developing rapidly (Photo 1a). The
youngest of these stands has about 15 years with a
mean height of 6 m and the oldest about 24 years
with a mean height of 15 m. At this stage of the
growth we can suppose that the only ‘natural
brake’ to ash expansion is intraspecific competi-
tion as suggested by Cooke (1998). In case of
persistence of grazing activity, patterns of growth
are depending upon grazing intensity. Under a
relatively high grazing intensity i.e. around the
threshold highlighted by the CA model, we have
observed that the established ash trees were
developing subterranean vegetative suckers (Photo
1c.) (Grime et al. 1988; Marigo et al. 2000) which
should be considered as a response to intense dis-
turbance (Pornon et al. 1997; Barsoum 2001).
Visually, this type of grassland presents trees with
a slower growth in height and diameter compared
with undisturbed growing trees. For example, we
have found a 16 years old tree with a height of
15 cm. Moreover, under low grazing intensity,
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height tree in parcels is highly heterogeneous
(Photo 1b). For example in the same parcel we
have found a 18 years old tree measuring 1.5 m
and a 16 years old tree measuring 3.85 m or in
another parcel two 21 years old trees measuring
respectively 5.5 m and 15 m.
Whichever of the grazing intensity is, ash is able
to develop a compensatory growth after a com-
plete defoliation by grazing or browsing animals
(Hester et al. 1996, 2004; Strauss and Agrawal
1999; Collin et al. 2000). The unanswered question
in our study is about the mechanisms underlying
this process and the few examples available in the
literature are dealing with patterns. Harmer (2001)
has observed that ‘established seedlings that are
>30 cm tall can survive several years of severe
browsing under the shade of a 50% canopy cover
or more’. Cooke (1998) studying the effects of deer
browsing damage on survival and regrowth per-
formance of coppiced ash has found that ‘ash
survival was related to regrowth performance
during the year following coppicing’ i.e. when ash
sprouting are about 2 m height. However, these
studies have taken place in forest conditions not in
grassland conditions.
Conclusion
The successful establishment of seedlings is an
important element of grasslands colonization by
ash. Management practices are determinant in this
transition which occurs in the ﬁrst months after
ash germination either by the direct removal of
seedling or the indirect ﬁltering through commu-
nity features (herbaceous biomass and heteroge-
neity). Herbaceous biomass as the result of low
grazing intensity facilitates the establishment of
ash by protecting seedlings from defoliation.
Management appears to have a major inﬂuence on
ash growth after it is established in the grassland.
A high intensity grazing seems to reduce remark-
ably the growth of ash tree in height and diameter
whereas a low intensity grazing disturbs more or
less intensively the growth of trees.
From a management perspective, the ‘a priori’
control of ash expansion seems to be eﬀective
through direct disturbance intensity (i.e. rate of
biomass removal or frequency of cutting) in the
ﬁrst months following germination.
The evaluation of the real importance of the
vegetative strategy in the colonization process is
diﬃcult. Does this phenomenon play an active
part in the expansion process? Does it occur only
in a few parcels in particular conditions or is it a
generalized and widely spread strategy? The con-
ditions for the apparition of the vegetative repro-
duction are unknown in terms of both disturbance
intensity and/or species plasticity. Moreover, the
ash compensatory growth in grazed grasslands
conditions is unknown. So, further work is to be
developed in two directions: a study of the regen-
eration niche of ash germination and establish-
ment with an experimental test between conditions
of grazing and herbaceous biomass vs. conditions
of biomass removal and gap creation; a study of
the demographic and genetic structure of ash
population and its variability within and between
plots to evaluate the relative importance of the
sexual vs. vegetative reproduction in ash strategies
of expansion.
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